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COMPLETE SPECIFICATION 
Improvements in or relating to Apparatus for Automatically 
Maintaining Register in Multi-Unit Rotary Web Press 

not be remedied by regulating the speeds 



Communication from fcsws Syndicate 
Co , Inc., a corporation organised ami 
existing under the laws of tke State of 
New York, United States of America, 
5 uf 220 East 42nd Street, City and 
State of New York, United States of 
America. , . . 

I Authuii Harold Stevens, a subject 
or the King of Great Britain, Fellow of 
10 the Chartered Institute of Patent Agents, 
ol the Finn of Stevens, Languer,- Parry 
ft Rollinsun, of 5-9 Quality Court 
Chancery Lane, London, W.Uf, cio 
hcrebv declare the nature of this mven- 
15 lion and in what manner the same is to 
he performed, to be particularly described 
and ascertained in and by the following 

statement: — . » 

This invention relates to apparatus tor 
20 automatically maintaining register m a 
multi-unit rotary web press.. 

In the operation of multi-colour web 
printing presses for intaglio printing, 
serious difficulty has been experienced m 
25 maintaining the register of the prints 
applied bv the different printing cylin- 
der*' The inventors associated with my 
foreign correspondents have determined 
the cause of this difficulty and have pro- 
30 Tided, by their present invention, means 
for automatically maintaining register in 
such presses. . . ■ 

In an ordinary multi-color intaglio 
press, the printing cylinders are power 
35 driven, while the impression rollers are 
free so that they are rotated only by their 
frictional contact with the paper web. 
Consequently, notwithstanding the fact 
that the friction between the impression 
rollers and the web is much greater than 
the friction between the web and the 
printing cylinders, the impression rollers 
have no effect (apart from inertia effects 
during the starting and stopping of the 
45 press's on the rate of movement of the 
veil. This rate is determined only by the 
peripheral speed of the printing cylin- 
ders. The failure of such presses to 
maintain register has been found to be 
^0 due to the cumulative effect of slight 
differences in tlid peripheral speeds of the 
uriiiKnjr cvlinders from slight differences 
in their diameters. This difficulty can- 
[Price Ihtyict 4s 6* 
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of the printing cylinders so that taey all jo 
have the same peripheral speed in spite 
of differences in diameters, for this would 
require driving the cylinders at different 
rotational speeds which would result in 
loss of register by an angular displace- 
ment of the engravings on the cylinders 
which wauld counteract the advantage of 
having the web fed through each unit at 
the same speed. - 

In order to avoid loss of register where 
the printing cylinders differ slightly m 
diameter, it is necessary to make the rate 
of travel of the web over at least one of 
the printing cylinders slightly different 
from the peripheral speed- of this print- 7U 
in<r cylinder. Only a very slight 
difference is necessary to correct errors 
of register before they accumulate sufh- „ 
ciently to be perceptible, but it is cssen- 
tial that the differences be extremely 7o 
slip-lit in order to avoid perceptible 
blurring in the printing. 

It has been proposed to drive the im- 
pression rollers by power instead of 
merely permitting them to ride on the 80 
web. ' When this is done, the impression 
rollers serve as . the web-feeding means 
and determine the rate at which the web 
is fed through each unit, since they 
exercise more friction on, the web than do 85 
the printing cylinders. Power driving 
of the impression cylinders thus provides 
a means for moving the web through the 
press at a rate which may differ from the 
peripheral speeds of the individual print- 
ing cylinders, and thus in theory pro- 
vides a means for maintaining register 
notwithstanding differences^ in the 
diameters of. the printing cylinders; but, 
when the impression rollers are power 
driven at a common speed of rotation, an 
additional difficulty appears owing to the 
impossibility of making the impression 
rollers of exactly the same diameter. 
Differences in the* diameters of the 100 
individual impression rollers causes 
differences in their peripheral speeds, so 
that the power-driven impression rollers 
do. not feed the web through each unit* at 
the same speed. 105 
In order to overcome the loss of register 



90 



96 



2 



562,805 



in presses in which tlie printing cylin- 
ders may differ slightly in diameter, the 
present invention utilizes the impres- 
sion rollers as the web-feed in g means by 

5 providing a power drive for the impres- 
sion* rollers, and also avoids the difficulty 
arising from the difference iu diameter of 
the impression rollers by providing in the 
drive of each individual impression roller 

10 means for making gradual, fine speed 
adjustments. To secure best results, the 
means for adjusting the speeds of the 
individual impression rollers should be 
capable of making speed adjustments 

1& which are so gradual and fine that they 
may properly be termed mircometric. 

In accordance with the invention, in a 
multi-unit rotary web press, wherein nil 
the printing; cylinders are driven at the 

20 sum£ rotational speed and the impression 
rollers are used as. the web-moving means 
and are power driven, so^ that their peri- 
pheral speeds may be different from the 
peripheral speeds of the printing cylin- 

25 ders, apparatus is provided for automatic- 
al^ maintaining register which is charac- 
terized by the provision in the drive of 
each individual impression roller ^ of 
means for making gradual, fine adjust- 

30 meats in the speed 'of said impression 
rollers. 

Furthermore, in accordance with the 
invention, in a multi-unit, rotary web 
press, wherein all the printing cylinders 

35 are driven at the same rotational speed 
and the impression rollers are used as the 
web-moving means and are each friction- 
ally driven by a corresponding power- 
driven haclc-up roller resting thereon so 

40 that their peripheral speeds may be 
different from the peripheral speeds of 
the printing cylinder, apparatus is pro- 
vided for automatically maintaining 
register which is characterized by the pro- 

4- vision iu the drive of each individual 
back-up roller of means for making 
gradual fine adjustments in the speed of 
said back-up rollers. 

A controlling means actuated by 

50 differences in tension appearing in the 
reaches of the web between different units 
is utilized to set the micromatic speed- 
adjusting means of the individual impres- 
sion rollers, and such controlling means 

55 is available to re-set the speed adjusting 
means in case any change in the peri- 
pheral speed of any impression roller 
occurs during the operation of the press. 
The controlling means is so arranged 

Q0 that, when an inequality of tension 
develops between the reach of the web 
entering any unit and the reach of the 
web leaving that unit, this controlling 
means makes a slight adjustment in the 

H8 ppped of the impression roller of the unit 



in a sense to restore equality of tension. 
If this slight change of speed restores 
equality of tension, the controlling means 
becomes inactive; but. if the inequality 
of tension continues after this slight 7U 
adjustment, the controlling means pro- 
duces further slight adjustments of speed 
in the same* sense until equality of ten- 
sion is restored. 

Apparatus embodying the invention To 
may he purely mechanical in operation 
or may be partly electrical. Both forms 
are illustrated in the accompanying 
drawings in which Figs. 1 fo 17 show a 
purely mechanical apparatus and Figs. S 80 
to 19 show an electrical form: 

Fig. 1 is a side elevation of a standard 
roto-gravure printing press provided with 
mechanical apparatus embodying the 
invention; 85 

Fig. 2 is a fragmentary top view of the 
movable rolls of one of the units; 

Fig. 3 is an enlarged end view of the 
lower part of one of the units ; 

Fig. 4 is a vertical section on the line 91) 
4—4 of Fig. 3; 

Fig. 5 is a horizontal section on the 
line 5 — 5 of Fig. 3: 

Fig. C is a fragmentary vertical sec- 
tion on the line 6—6 of Fig. 3 ; 95 

Fig. 7 is a fragmentary section on the 
lines 7 — 7 of Fig. 4 ; 

Fi<r. 8 is a side elevation showing- a 
tension-controlled electrical actuating 
means which may be substituted for the 100 
tension-controlled mechanical actuating 
means on the press shown in Fig. 1 ; 

Fig. 9 is an enlarged fragmentary side 
elevation of the lower part of one of the 
units of the press with the gear broken 105 
away to show the gearing connecting the 
printing cylinder and the impression 
roller of the unit; 

Fig. 10 is a fragmentary elevation 
looking lengthwise of the press and show- 110 
ing the gearing shown in Fig. 9 ; 

Fig. 10a shows a modified gearing 
which drives the back-up roller instead of 
the impression roller; 

Fig. 11 is a fragmentary elevation 115 
looking in the direction of the arrow 4 of 
Fig. 9 and showing the variable-trans- 
mission with a part of its casing broken 
away ; 

Fig. 12 shows the planetary gearing in 120 
axial section; 

Fia*. 13 is a fragmentary elevation of 
the gearing shown in Figs. 9 and 10, 
showing also the planetarv gearing sec- 
tioned on the line 13—13 of Fig. 12; 126 

Fig. 14 is an enlarged extension of the 
left-hand side of Fig. 9 showing the 
fixing for the reducing gearing connect- 
ing the adjusting motor with the con- 
trolling worm of the variable-speed trans- 130 
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mission ; 

Fig. 13 is a further, enlarged view of 
the gear easing shown in Fig. 14 with the* 
casing broken away to show the gearing 
5 within it ; 

Fig. 16 is a view of the parts shown in 
Fig."lo laken at right angles to Fig. 15 
nud showing the gear casing sectioned on 
the axis of the motor shaft; 

10 Fig. 17 is a -horizontal section on the 
line 17—17 of Fig. 15; . 

Fijr. IS is a fragmentary section on the 
line 38—13 of Fig. 17; and* 

Fiff. 19 is a diagram of the electric 

15 connections of the aparatus. 

The printing press shown in Fig. 1 has 
a main frame 1 on which are mounted 
printing cylinders 2, impression rollers 3, 
back-up rollers 4, an unwinding or 

20 supply roll 5a, a rewinding roll 5, feed 
rolls G for the unwinding and rewinding 
rolls, and guide rolls 7 for guiding a web 
A from the unwinding roll 5a succes- 
sively between the printing cylinder and 

25 impression roller of each of the printing 
units of the press and then to the rewind- 
ing roll 5. The printing cylinders of all 
the units are driven at the same, rotational 
speed by the usual mechanical gearing 

30 from a common drive shaft 9. 

In accordance with the invention, the 
reaches of the web between the printing 
units and also the reach of the web 
between the unwinding roll 5a and the 

35 first printing unit antT that between the 
last printing unit and rewinding roll 5 
pass over control rolls B3, B4. Each 
pair of rolls B3 and B4 is mounted on a 
tilting frame B whose asis is a cross- 

40 shaft 14 journalled in. the frame of the 
press. It is evident that any difference 
in tension between the reach of the web 
entering a unit and the reach of the web 
]caving^thi3 unit will exert a turning 

45 force on the frame B of the unit. The 
turning of the frame B of each unit is 
utilized in accordance with the invention 
to effect gradual adjustments in the speed 
of the impression roller of the unit. 

50 In the mechanical embodiment ofc the 
invention shown in Figs. 1 to 7, a lever 
15 is fixed on each tilting frame B, and 
the turning forces on this lever are 
utilized to effect gradual slight changes 

55 in the speed of the impression roller 3. ^ 
The impression roller 3 of each unit is 
driven from the mechanically driven 
shaft of the printing cylinder 2 of the 
unit through a differential mechanism 20 

60 of known construction, provided with 
brake disks 21 and 22, ^ The differential 
mechanism 20 is shown in Figs. 4, 5 and 
] . A gear 20a fixed on the shaft 2 l of 
the cvlinder 2 meshes with the gear 20b 

65 floating on the shaft 3 l of the impres- 



sion roller 3. A cage 20 is fixed on the 
shaft 3 l . Bevel gears 20d, 20e are rotat- 
ably mounted in the cage 20c. The bevel 
gear 20d is connected to the brake disk 
21 (see Fig. 5) while the bevel gear 20e 70 
is connected to the brake disc 22 by a 
stub shaft or rod 20f which extends 
through a bore in the gear 20d. A radial 
shaft 20g is rotatably mounted in the 
cage 20c. A bevel gear 20h is fixed on 75 
the shaft 20g and meshes with the bevel 
gears 20d and 20e. A worm 20i formed 
on the shaft 20g meshes with a worm 
gear 20i on the stub shaft 20k journalled 
on the cage 20c. On the shaft 20k is a 80 
small gear 201 meshing, with the gear 20m 
joumalled on the cage 20c. The gear 
•>0m meshes with the gear 20b. When 
both brake disks are free to rotate, the 
impression roller 3 is driven at such a 85 
rate that its peripheral speed is approxi- 
mately the same as that of the printing 
roller 2. When the brake disk 21 is held 
against rotation, the differential mech- 
anism 20 operates to drive the impression 90 
roller 3 at a peripheral rate slightly 
greater than that of the printing cylinder 
2, while, when the brake disk 22 is held 
against rotation, the mechanism operates 
to drive the impression roller at a peri- 95 
pheral speed slightly less than that of 
the printing cylinder 2. Tilting forces 
applied to the lever 15 by differences in 
tension of the different reaches of the web 
are utilized to cause the gradual applica- 100 
tion of braking pressure to one or the 
other of the brake disks 21 and 22. The 
mechanism tor accomplishing this will 
next be described. 

Brake shoes 23 and 24 positioned to 105 
engage the brake disks 21 and 22 respec- 
tively are carried by pairs of rods 2-5 
slidably mounted in a bar 26 secured to 
the front of the casing 27 of the differen- 
tial mechanism 20 and spaceti outwardly 110 
from the casing. Springs 28. on the rods 
2f» reacting against the bar 26 and 
adjustable nuts 29 on the outer ends of 
the rods tend to urge the brake shoes 23. 
24 outwardly away from the brake disks 115 
21, 22. Inward movements of the brake 
shoes are effected by toggles 30, 31 oper- 
ated by a shaft 32 journalled on the bar 
20 and connected with the lever 15 by a 
crank 33 and a connecting rod 34, so that 120 
tilting movements of the lever 15 cause 
turning movements of the shaft 32. A 
weight 34 1 is provided to counterbalance 
the weight of the connecting rod 34. 

Each of the toggles consists of a 125 
threaded stud 35 screwed in a transverse 
bore in the shaft 32 and a rod 36 extend- 
ing from the inner end of the stud to 
the brake shoe. The inner ends of the 
studs 35 and the outer surfaces of the 130 
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brake shoes 23, 24 contain spherically 
curved recesses which hold the spheric- 
ally curved, convex ends of Hie rods 3G. 
When the lever 15 is horizontal, the 
5 todies 30, 31 are bent in opposite diree- 
tions, as shown in Fig. 4. A tipping; of 
the lever 15 in either direction, causing 
a turning' of the shaft 32, straightens one 
or the other of the toggles and thus 
in forces one or the other of the brake shoes 
against the corresponding brake, disk. In 
straightening, each toggle gradually 
applies a braking force which becomes a 
'maximum when the toggle is straight and 
ir is then sufficient to lock the disk against 
any movement. Turning of the shaft 32 
hi* either direction is limited to that 
necessary to straighten one or the other 
of the toggles by the engagement of a 
on block 37 fixed on the shaft with the bar 
ZU 2G (Pigs. 3 aud 6}. The braking force 
applied by each toggle may be regulated 
by screwing its stud in or out m the shatt 
3:2 and by adjusting the nuts 29 to vary . 
25 the tension of the springs 28. # 
It will be seen that the mechanism 
connecting the lever 15 of each unit with 
the brake shoes 23, 24, of that unit, 
which has been described, provides a 
30 simple and direct mechanical means for 
utilizing the difference in the tensions of 
the reach of the web entering the unit 
and that leaving the unit' to apply gradu- 
ally a braking pressure to one or the other 
35 of 'the brake disks of the differential 
mechanism through which the impression 
roller of the unit is driven. 

The operation of the apparatus de- 
scribed is as follows : 
40 The web is. initially led through the 
machine as shown in Fig. 1 in such 
manner that the tension on the different 
reaches of the web is uniform, so that 
each of the swinging frames B and levers 
45 1-3 is in horizontal position. This places 
the toggles of each unit in the bent posi- 
tion shown in Pig. 4, allowing the springs 
2S to draw the brake shoes free from the 
brake disks. Each impression roller 3 is 
50 then driven at a rotational speed directly 
proportional to thut of the printing 
cylinder of the unit, so that the rates of 
speed of the web through the different 
units are proportional to the peripheral 
55 speeds of the impression rollers which 
exercise a greater friction on the web than 
the printing cylinders. Since it is im- 
possible to make the impression rollers of 
absolutely uniform • diameter, the peri- 
60 pheral speeds of the impression rollers 
will vary slightly when all the impres- 
sion rollers are thus driven at the same 
rotational speed. Tor the sake of illus- 
tration, it will he assumed that the 
65 diameter of the impression roller of the 



middle unit is slightly larger than the 
other impression rollers, so that, when 
the levers are all in neutral position, the 
web travels through this unit a little 
more rapidly than through the other 71) 
units. This will result in increasing the 
tension on the reach of the web between 
the first and second units and decreasing 
the tension on the reach of the web 
between the second and third units. As 75 
soon a* this difference in tension stalls to 
develop, the web will apply a turning- 
force to the frame B and lever 15 in a 
clockwise direction (Fig. 1;. This turn- 
ing force is applied through the connect- 80 
ing rod 34 aud the crank 33 to cause a 
turnino- force on the shaft 32 in an anti- 
clockwise direction (Fig. 4). This force 
gradually overcomes the pressure ot the 
springs 28, straightening the toggk 3i • 85 
and pressing the brake shoe 24 against 
the brake disk 22. The retarding of this 
brake disk operates the differential mech- 
anism 20 to decrease the speed of the 
" impression roller. The decrease in speed 90 
of the impression roller results in the 
decrease of the rate of travel of the web 
throuffh the middle unit. This rate of 
travel continues to decrease until the ten- 
sions of the web on . the opposite sides of 95 
the middle unit again become equal, 
relieving the frame B and lever 15 of any 
turning force from the web aud allow- 
ing the springs 2S to draw the toggle 31 
into bent position to release the brake 100 
<boe from the brake disk so that the im- 
pression roller 3 is again driven at its 
original speed. 

If the diameter of the impression roller 
of the second unit happens to be less than ] 05 
that of the impression rollers of the other 
units, a similar but opposite adjustment 
will be caused by the turning force on 
the frame B and lever IS in the direction 
opposite from that in the illustration just 110 
described, so that it straightens the toggle 
30 and applies the brake shoe 23 to the 
brake disk 21 to increase the speed of 
rotation of the impression roller. 

The maximum changes in the speed of 115 
rotation of the impression roller which 
can occur in the Automatic adjustments 
described js limited by the design of the . 
differential mechanism to a very small 
increment or decrement of the normal 120 
speed of the roller. Such maximum 
changes of speed occur only when one or 
the other of the brake shoes is pressed 
inward with a force sufficient to stop the 
rotation of one of the brake disks. 126 
During the gradual application of the 
braking force/ the brake disk is at -first 
merely retarded. Such retarding causes 
a change in the speed of rotation of the 
impression roller less than the maximum 130 
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change which would be caused by stop- 
ping rotatiou of tke brake disk. If this 
slight change in tke speed of tlie impres- 
sion roller is not sufficient to restore 

6 equality of tension, tke inequality of ten- 
sion increases, causing* additional braking 
effect on tke disk and a further change in 
the speed of rotation of tke impression 
roller. Tke small changes of speed con- 

10 tinue to be made until the speed of tke 
impression roller is changed sufficiently 
to restore equality of tension. The auto- 
matic adjustment is thus very delicate 
and certain. 

15 Where, as is usually the case, there are 
slight differences in diameter between all 
ike impression rollers, automatic adjust- 
ments suck as have been described will 
occur in all tke units whenever any 

20 variations in tke tensions of tke reaches 
of the web develop and in this way 
register will be repeatedly restored and 
the average rates* of travel of the web 
through each of tke units will be main- 

*2u tallied exactly the same no matter how 
lonj? the press may operate. 

In the electrically controlled apparatus 
embodying tke invention illustrated in 
Fig*. S to 19, tke tilting frame B of each 

30 unit carries an arm Bo which depends 
between two normally open electric 
switches BG, B7. An operating- head BS 
at the lower end of the arm B5 is posi- 
tioned to operate the control aim BIO of 

35 the switch B6 to close tlie switch B6 and 
to close the switch B7 through its operat- 
ing arm B9. A manual lock Bll may 
be provided to prevent swinging of the 
arm Bo while a web is being threaded 

40 through the press. When the arm Bo is 
unlocked, the arm will respond to 
differences in tension between the reach 
of the web A entering one of the units 
and the reach of tke web leaving tkis unit, 

45 so that, when'- tke tension on the entering 
reach is greater tkan on the leaving 
reach, the switch BT will be closed, and 
when the tension is the greater on the 
leaving reach, the switch B 6 will be 

50 closed, and when the two tensions are 
equal both switches will remain open. 

Electric circuits controlled by the 
switches B6, B7 of the control of each 
unit are used to cause gradual micro- 

55 metric adjustments of the rate of travel 
of the web through the unit. This rate 
of travel depends upon the peripheral 
speed of the impression roller of the unit. 
The impression roller of each unit is 

60 mechanically driven through a planetary 
gearing C, Pig. 12, whose effective gear 
ratio is determined l?v a variable-speed 
transmission D, Pig. 11. whose gear ratio 
is adjusted bv a reversible electric motor 

65 M, Fig. 16,' connected in an electric 



circuit controlled by tke switches BG, 137 
in such manner that the motor is driven 
in one direction when the switch BG is 
closed and in the other direction when the 
switch 7 is closed, and- the motor is 70 
stationary when both are open. _ 

The impression roller 3, Pig. 10,^ of 
each unit is driven from the printing 
cylinder 2 of the unit through the 
planetary gearing C. The shaft of the <D 
printing cylinder 2 drives tke input gear 
CI, Pigs. 9, 10, 12 and 13, of the 
planetary gearing C through gears PI 
and F2.' Tke output^ gear C2 of the 
planetary gearing C drives tke impression 80 
roller 3 througk a ckain of gearing 
including pinion P3 and bevel gear F4 
both fixed on a horizontal stud shaft F5, 
bevel gears F6 and P7 on a vertical shaft 
FS, bevel gear P9 and pinion P10 fixed on 85 
a horizontal stub shaft Pll, gear F12 
rotatably mounted on the end part 12 of 
the back-up roller 4, and gear F13 fixed 
on the shaft of the impression roller. In 
order that the gearing may not interfere 90 
with raising the' slide 10 in which the 
shafts of the rollers 3 and 4 are mounted, 
the horizontal stub shaft Pll and a bear- 
ing for the bevel F7 are mounted on a 
bracket' P14 which is mounted on the 95 
slide 10, and the gear F7 is splined on 
the vertical shaft FS which is joumalled 
in a bracket Flo secured to the side frame 
11 of the press. 

The planetary gearing C is best shown 100 
in Figs. 12 and 13. The input gear CI 
is keyed ' to a central shaft C3. Also 
keyed to the shaft C3 is a sun gear C4 
meshing with a planetary gear : Co fixed 
on a stud shaft C6 mounted on a cage C7 105 
rotatable about the^ shaft C3. Another 
planetary gear CS is fixed on the stub 
shaft C6 and meshes with a sun gear CD 
fixed on a sleeve CIO rotatably mounted 
on the shaft C3. This sleeve C10 carries HO 
the output gear C2 of the planetary gear- 
ing. The two sun gears C4 and C9 differ 
slightly in pitch diameter and num- 
ber of teeth, as do' also tke two planetary 
gears Co, CS. 115 

The effective gear ratio of the planetary 
gearing," that is, the relative rate of rota- 
tion of the input gear Cl and the output- 
gear C2 depends, as is well understood, 
on the relative Tate* of rotation of the sun ]20 
gear C4 and the cage C7._ This relative 
rate of rotation is determined by the vari- 
uble-speed. transmission device D whose 
input shaft D3 carries a gear D4 mesh- 
ing with and driven by # tke input gear Cl 125 
of the planetary gearing C, and whose 
output shaft Dl drives the cage. C7 
through a gear D2 fixed on the shaft' and 
a gear Cll fixed on the cage. ... 

The variable-speed transmission D pro- 130 
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vides for a gradual change of speed oyer 
a wide range. In the form shown in .Fig. 
11, the input and output shafts, Dl and 
1)3, of the device are connected by a link 
5 belt Do' passing 1 over pulleys DO, D7, 
whose effective diameters may be varied 
in opposite senses by turning levers DS 
by means of a right and left hand screw 
DID. The variable-speed transmission D 

10 may be of anv suitable kuowu construc- 
tion, for example, of that shown in 
British Patent Xo. 441,SS9, and is. there- 
fore, not described in detail herein. 
The controlling screw D10 of the trans- 

15 mission D is turned by the adjusting 
motor M whose operation is. controlled by 
the switches B6 and B7 in the manner 
heretofore noted. The motor M is con- 
nected to the controlling screw D10 

20 through reducing gearing best shown in 
Figs. 14, 15, 1G and 17. A pinion Ml 
on the motor shaft meshes with a laTge 
idler gear M2 on which, is fixed a pinion 
M3 which meshes with a gear M4 splmed 

25 to a shaft Mo. A sprocket M6 is secured 
on the shaft M5 "by a safety clutch M7 
and this sprocket is connected by a chain 
MS with a larger sprocket M9 fixed on the 
screw DIG. Thus rotation of the motor 

30 in either direction turns the screw D10 at 
;i rate of rotation very much less than 
that of the motor shaft. 

To secure very accurate speed adjust- 
ment, damping means are provided to 

og check turning of the screw as the result 
of the momentum of the motor armature 
and the associated gearing after current 
to the motor is cut off. The damping 
means include a friction disk M10 loosely 

4/3 mounted on the shaft M5 and sandwiched 
between the gear M4 and a disk Mil 
splined on the shaft M5 and pressed 
against the friction disk by n spring 
M12. The friction disk M10 has two 

45 radial arms M13 and M14. The arm 
M14 projects between two adjustable 
stops M15, M1G which limit the turning 
movements of the friction disk M10 by 
engagement with the arm Ml 4 (Fig. 15). 

60 The arm M13 is secured to a plunger M17 
provided with balanced compression 
springs M18, M19 which tend to restore 
the faction disk M10 to its normal posi- 
tion shown in Kg. 15 in which its arm 

65 Ml 4 is midway between the stops M15 
' and M16. 

The arm M14 of the friction disk M10 
is connected to a normally closed electric 
switch M20 controlling the circuit of the 

60 motor M in such manner as to open this 
switch when the arm* is moved in either 
direction through a distance somewhat 
less than that necessary to bring the arm 
into contact with one of the stops Mlo 

65 or M16. The connection between the 



arm M14 and the switch M2U is be.st 
sbown in Figs, 17 and IS. It includes a 
stud shaft M2i having at one end » fork 
M22 engaging a stud M23 on the arm 
M14 and at the other end u cam AK4 with 70 
adjustable sectors M2o positioned to 
engjige and move the operating lever M2<j 
of the switch M2U whenever the shaft M21 
is turned a. short distance in either direc- 
tion by the engagement of the fork M2*J 76 
with the stud on the arm M14. 

The operation of the mechanism con- 
necting the adjusting motor with the 
screw DID is to cause a turning of the 
screw by small, accurately predetermined 80 
steps. This is because the springs M12 f 
MIS and M19 are so adjusted that the 
friction disk M10 turns with the shaft Mo 
when the shaft is turned, but is restored 
to its normal position shown in Fig. lo 85 
by one of the springs M18, M19 when 
turning movement of the shaft Mo ceases. 
Consequently, when current is supplied 
to the adjusting motor M by the closing 
of one or the other of the switches BG, B7 
and the motor starts to turn the shaft Mo 
and the worm D10 through the gearing 1 
which has been described, the friction 
disk M10 turns with the shaft until its 
arm M14 strikes one of the stops Mlo or 06 
M1G. Before the completion of this short 
turning movement, the arm M14 of the 
disk has acted through the parts mounted 
on the shaft M21 to open the switch M20 
and cut off current to the motor. Not- 100 . 
withstanding the cutting off of the cur- 
rent, the inertia of the parts carries the 
disk M10 on until its arm M14 strikes 
one of the stops. The friction disk Mill 
is then held stationary and by the friction 105 
between it and the gear M4 quickly 
brings the shaft Mo, and, of course, also 
the motor shaft and the screw DJO t to a 
complete stop. One or the other of the 
springs MIS, M19 then returns the 110 
friction disk to its normal position, allow- 
ing the switch M20 to close and re-ener- 
gizing the motor if one of the switches 
BG or B7 is still closed. The operation 
is then repeated producing another small 115 
turning step of the screw DIG. 

The electric circuit of the adjusting 
motor M is so arranged that the motor is 
idle when the normally closed switch 
M20 is open, and is turned, in one direc- 120 
tion when the switch M20 is closed and 
the switch BG is closed, and is turned in 
the other direction when the switch M20 
and the switch B7 are closed. ■ The exact 
arrangement of the circuit will, of course, 125 
depend on the type of current available. 
A convenient circuit for a press driven 
from a three-phase line is shown in Fig. 
19. This figure shows a tliree-phase line 
El to which the main motor of the press 130 
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]J a is connected. ' Tkis is tke motor which 
thives the printing' cylinders 2 through 
the drive shaft 9. The adjusting motor 
M is connected to the line El through a 
5 normally open reversing switch E3. A 
relay circuit E4 extends between two of 
the Vires of the line El. This circuit 
contains the normally closed switch 1I2U 
and has two parallel branches of -which 
10 one, E0, contains the normally open switch 
B7 and a coil EG for closing one-half of 
ihe reversing switch E3, and the other 
branch E7 contains the normally open 
switch BC and a coil E8 for closing the 
15 other half of the reversing switch E3. 
The operation of the apparatus 
described may most easily be explained 
by assuming that, when the. press is 
started, the variable-speed transmission 
on D of each unit is set with the ratio of 
the diameters of its two pulleys DG, Di 
equal to the ratio of the diameter of the 
gears 1)2 and D4 on its input and output 
shafts, so that the cage C7 of the 
95 planetary gearing C of each unit is 
driven at the same speed as the mam shaft 
C3 of the gearing, making the gear ratio 
of the planetary gearing equal to unity. 
Under these conditions, the impression 
30 rollers 3 of all the units are driven at the 
same speed of rotation, so that the web A 
would travel through all the units at the 
same rate if the diameters of all the 
impression rollers 3 were exactly the 
05 same. Exact equality between the 
diameters of the impression rollers can- 
not be obtained in practice, and in con- 
sequence differences in tension appear in 
the different reaches of the web. 
i0 To continue the explanation of the 
operation of the device, it will be assumed 
that the diameter of the impression roller 
'4 of one of the units is less than the 
diameters of the impression rollers of the 
4 k units at each side of it. While, the rota- 
tional speed of tke impression rollers of 
the tliree units is equal, the web A will 
travel more slowly through the unit 
having the smaller impression roller than 
50 through the units at each side of it, so 
that the tension of the reach of the web 
leaving this unit will be increased, while 
the reach of the web entering this unit 
will slacken. The difference in tension 
55 between the entering and leaving reaches 
will cause the arm B5 to close the switch 
BG, starting the - adjusting motor M in 
such direction as to change the pulley 
diameters of the transmission ^ D to 
GO increase the speed of -rotation of its out- 
put shaft D3, and thus to increase the 
speed ratio of the planetary gearing C 
slightly above ■ unity. This slight 
increase will take place by minute steps 
65 because of the operation of the connec- 



tion between the adjusting motor M and 
the controlling screw DID of the trans- 
mission D, as has -already been explained . 
The gradual increase in speed by small 
increments will continue until the im- 70 
pression roller 3 of the unit in question 
rotates fast enough to take up the slack 
on the entering reach of the web and to 
lessen the tension on the leaving reach, 
and thus . restore the tensions of # the 75 
reaches at opposite sides of the unit to 
eauality. As soon as this happens, the 
switch BG will open and stop, the motor M, 
which stops the increase of the gear ratio 
of the planetary gearing C and the BO 
increase of speed of rotation of the im- 
pression roller 3. . The impression roller 
will then continue to be driven at the 
speed at which it was driven when 
equality of tension was restored. This 85 
speed, it will be noted, is greater than 
the initial speed of the impression roller 
at which it was driven bef ore-, the closing 
of the switch B6. 

The web will now be travelling through 90 
the unit in question a. little faster than 
it is traveling through the adjacent 
units, so that after a time a difference^ in 
tension between the entering and leaving 
reaches will develop which this time will 95 
operate to close the switch B7. to operate 
the motor M in a direction to decrease the 
speed of the output shaft of the variable- 
speed transmission D, and so gradually 
to decrease the gear ratio of the planetary 100 
gearing C. When the decrease of speed 
of the impression roller is stopped by 
restoration of equality of tension in the 
entering and leaving reaches, the speed 
of the impression roller will be slightly 105 
less than it was after the first adjustment 
and more nearly equal to the speed 
required to move the web through the 
unit in question at the same rate as that 
at which it is moving through the HO 
adjacent units. After a few operations 
of the mechanism in the manner 
described occurring at increasing 
intervals of time, the speed of the im- 
pression roller of the unit in question U5 
will be made, for all practical purposes, 
eqtial to that necessary to move the web 
through this unit as fast as it is moving 
through the adjacent units. The frame 
B and the motor M will then remain 120 
stationary. 

The actual operation is slightly com- 
plicated by the fact that there will be 
differences in diameter between the im- 
pression rollers of all the different units, 125 
but the effect will be that, after a few 
automatic speed adjustments in each unit, 
the impression-roller driving mechanism 
of the various units will be set at the 
''speeds required to move the web through 130 
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each unit at the same speed and register 
will tuus be continuously maintained 
without further adjustments. This desir- 
able operation is the result of the fact 

6 that, on each restoration of equality of 
tension at the two side3 of any unit, the 
speed of the impression roller is main- 
tained at the speed to whick it has been 
adjusted, and the fact that the speed 

10 adjustments are extremely gradual and 
accurate since wide changes in the speed 
ratio of the variable-speed transmission U 
cause only very slight changes in the gear 
ratio of the planetary gearing C. 

16 While the speed-adjusting mechanism 
described, performs its function near the 
uejrhiuing 1 of a printing run so that it 
may not be required to operate at any 
appreciable extent thereafter, it is 

20 nevertheless always in readiness to 
operate in case equality of tension at the 
two sides of any unit is disturbed during 
the run, as may occur as tke result of a 
siigkt ckange. in the diameter of one of 

'25 tke impression rollers tkrougk a ckange 
in temperature or tkrougk wear. 

A modification of tke apparatus shown 
in Fig. 10a makes tke speed of travel of 
tke web tkrougk tke^ various units inde- 

30 pendent of tke diameters of tke impres- 
sion rollers 3. Tkis modification consists 
in fixing tke gear F12 on tke back-up 
roller 4 and omitting tke gear F13 on tke 
impression roller shaft. In tkis modifi- 

35 cation the impression roller is driven by 
"factional contact with tke back-up roller 
so tkat tke peripkeral speed of tke im- 
pression roller is equal to tke peripkeral 
speed of tke back-up roller. In tkis 

40 case, tke differences in tension in different 
reaches of tke web wkick arise before tke 
adjusting mechanism operates are caused 
by minute differences in diameter be- 
tween tke back-up rollers 4 of tke various 

45 units instead of by differences in diameter 
in tke various impression rollers. As tke 
back-up rollers are metal, it is possible 
to make^ and maintain tkeir diameters 
more uniform than tke diameters of tke 

50 impression rollers wkick are rubber. 
Tke use and modification skown in Fig. 
10a. therefore, requires somewhat less 
operation of the adjusting mechanism to 
secure continued uniformity in ten- 

65 sion tkan the arrangement first 
described; but, on the otherhnnd. it. 
does not control the speed of the web 
tkrough the different units as positively 
as the form first described in which the 

60 adjusting mechanism is geared directly to 
ike impression rollers. ■ * 

From the above description, if will be 
seen .that the mechanical apparatus illus- 
trated in Figs. 1 to 7 and the electro- 

65 mechanical-apparatus illustrated in Figs. 



S to 19 operate in substantially the same 
way in keeping the tension on^ the web 
uniform aud securing perfect registration ; 
and that the electro-mechanical apparatus 
has the additional advantage of retain- 70 
ing the adjusted speed of the web-moving 
means wken equality of tension kas been 
restored, instead of returning the 
speed of the web-moving means to its 
original value, and, therefore, after a 75 
comparatively short period of <r hunt- 
ing sets the speed of tke web-moving 
means of each unit at that necessary to 
maintain equality of tension and thus 
avoids' the continual making of speed 80 
adjustments wkick occurs in tke opera- 
tion of tke meckanical apparatus of Figs. 
1 to 7. 

It will be understood tkat various 
modifications may be made in tke arrange- 85 
ments described witkout departing from 
Ike scope of tke invention. 

Having now particularly described and 
ascertained tke nature of my said inven- 
tion and in wkat manner the same is to 90 
be performed (as communicated to me by 
my foreign correspondents), I declare that 
what I claim is: — 

1. In a multi-unit, rotary web press, 
wherein all the printing cylinders are 95 
driven at the same rotational speed and 
the impression rollers are used as the 
web-moving means and are power driven 

so that their peripheral speeds may be 
different from tke peripheral speeds of 100 
the printing cylinders, apparatus for 
automatically maintaining register wkick 
is ckaracterized by tke provision in the 
drive of each individual impression roller 
of means for making gradual, fine adjust- 105 
ments in tke speed of said impression 
rollers. 

2. In a multi-unit, rotary web press, 
wkerein all tke printing cylinders are 
driven at tke same rotational speed and 110 
tke impression rollers are used as the 
web-moving means and are eack friction- 
ally driven by a corresponding power- 
driven back-up roller resting tkereon so 
that their peripheral speeds may be 115 
different from the peripheral speeds of 
the printing cylinder, apparatus for auto- 
matically maintaining register whick^ is 
characterized by the provision in the drive 

of each individual back-up roller of 120 
means for making gradual fine adjust- 
ments in the speed of said back-up roller 
and thereby, in the speed of the corre- 
sponding impression rollers. 

3. Apparatus as claimed in claim 1 or 125 
2, in which said speed-adjusting means 
are automatically controlled by the ten- 
sion of the . reaches of the web between 
the units. 

4. Apparatus as claimed in claim 3, in 130 
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which controlling means operated by 
difierence in tension of the reaches of the 
web at opposite sides of a unit gradually 
changes the peripheral speed of the ini- 

5 pression roller of the unit until, equality 
of tension is restored. 

5. Apparatus as claimed in claim 4 in 
which the controlling means is^ auto- 
matically actuated by a difference in ten- 

10 *ion between the reaches of the web at 
opposite sides of a unit to cause a slight 
i-liange in the speed of the impression 
roller of the unit in a sense tending to 
restore equality of tension and is then 

j 5 uctuateclf to cause a further change of 
speed in the same sense if equality of 
tension has not been restored by the first 
change in speed. 
G. Apparatus as claimed in any one of 

on claims 1 to 4 in which the operation; of 
the controlling means is purely mech- 
anical and serves to apply a force created 
by the differences in the tensions of the 
reaches of the web at opposite sides of a 

•^5 unit to braking means which adjusts the 
speed of the impression; roller. 

7. Apparatus as claimed in claim 6 in 
which the braking means for adjusting 
the speed of the impression roller operates 

30 on a differential mechanism through 
which the impression roller is driven. 

8, Apparatus as claimed in claim 7 in 
which the differential mechanism through 
which the impression roller is driven has 

35 two brakes and is arranged to cause an 
increase in the speed of the impression 
roller when one of said brakes is applied 
and a decrease in the speed of the impres- 
sion roller when the other of said brakes 

lrt is applied, and the controlling* means is 
arranged to apply a gradually increasing 
braking force to one of said brakes when 
the tension of the web entering the print- 
ing unit is greater than the tension of 

,c the web leaving the printing unit and to 
the other of said brakes when the tension 
of the reach of the web leaving the unit 
is greater than the tension of the web 
entering the unit. 

b q 9. Apparatus as claimed in claim 8 in 
which the controlling means operates on 
the brakes through the toggle arrange- 
ment shown in Figs. 3, 4 and 5. 

10. Apparatus as claimed in any of 
•-k claims 1 to 5 in which the automatic 

controlling means is arranged to main- 
tain the adjusted speed after each opera- 
tion thereof. 

11. Apparatus as claimed in claim 10 
CO in which the controlling means is oper- 
ated bv differences in tension in the 
reaches of the web at opposite sides of a 



unit to gradually change the peripheral 
speed of the impression roller of the umj 
until equality of tension is restored and b& 
is operated by the restoration of equality 
of tension to maintain the speed of the 
impression roller at the value which it 
had on 'the restoration of equality of 
tension for so long as such equality <u 
continues. 

12. Apparatus as claimed m any one 
of claims 1 to 5, in which the means for 
making gradual fine speed adjustments 
includes two variable-speed transmissions, io 
ori variable-speed transmission being 
connected between the driving means and 
the other variable-speed transmission in 
such manner that a wide variation m the 
first transmission causes a slight varia- BU 
tion in the second transmission. 

13. Apparatus as claimed in claim 12 
in which the second transmission is a 
planetary gearing containing input and 
output sun gears of slightly different 00 
pitch diameters and two planetary gears 
mounted on a cage member for rotational 
movement about said sun gears so that 
the effective gear ratio of the planetary 
gearing is a small fraction of the ratio. 
between the rate of rotation of the input 
sun gear and the" rate of rotation of the 
cage member, and the first variable-speed 
transmission is connected between the 
input sun gear and the cage member. Bo 

14. Apparatus as claimed in. anv of 
claims, 6 to 13 in which the controlling 
means operates a reversible electric 
motor, and said motor causes movement 

of a speed-controlling member* in a series 1UU 
of minute steps. 

15. Apparatus a^' claimed m claim 14 
in which the reversible motor- is con- 
nected to the speed-controlling member ■ 
by gearing, and a damping member in lUo 
frictional contact with a rotary element 

of said gearing is arranged to cut off the 
supply -of electricity to the motor on a 
short turning movement of said element 
and to damp the rotation of the motor 110 
after such cut-off. 

16. Apparatus for automatically main- 
taining register in a multi-unit^ rotary, 
web press, substantially as hereinbefore 
described and illustrated in the accom- 115 
panying drawings. 

Dated this 3rd day of February, 1941, 
For: ARTHUR HAROLD STEVENS, 
Stevens, Langner, Parry & Rollmson, 
Chartered. Patent Agents, 
5/9, Quality Court, 
Ohanoerv Lane, London, W.C.2, and at 
120, East 41st Street, 
New Tort, XT.S.A. 
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